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Introduction: Briefly introduce the subject associated with your invention. 

Due to a lack of formability of high strength aluminum alloys in the hardened condition, a rivet 
manufacturing requires forming the rivet head in a soft condition, heat treating the rivet Although there 
are a wide range of material issues associated with rivet material selection, the predominant factors are 
the materials bucking ability (formability) and the shear strength. There are many aluminum alloys with 
desirable shear strength, however, they tend to fracture during installation. 

The friction stir weld process produces an ultra fine grain structure in the "nugget" area of theweld. 
Testing had determined that this nugget material has superior formability. Formability is known to be 
jjfependaift on grain size. Fqf example^ as an indication of formability, the typical elongation of 2219-T4 
is 20%. The elongation for 2219-FSW material was measured up to 29% and the 2195-FSW material 
was measured up to 21.5%. The increase in % elongation means an increase in formability of an alloy. 
.This also applied to aluminum alloys with directional properties, for example the 2195 alloy, that have a 
iack of formability. Additional benefits include increased fatigue life, corrosion resistance and fracture 
toughness that should be applicable to all aluminum alloys, i.e. 2219, 2195, 7050, 7075 and 2017. 

. Problem Solved By This Invention: State the existing problem that is solved by your invention. 

Response: The rivet manufacturing process can be shortened using fine-grain material instead of an 
annealed material. The rivet would be used in the "as-formed" condition. This would reduce the rivet 
manufacturing costs as well as eliminating the possibility of rivets being heat treated improperly. 

Additionally, conventional mill products have limited formability, toughness and corrosion resistance. 
Lack of formability results in rivet cracking during forming operations. A lack of fatigue strength 
results in rivet fatigue cracks while in service. A lack of corrosion resistance results in premature 
failure. 

* 

Background: Describe the approaches that are currently used to solve or mitigate the existing problem. 
Additionally, describe the shortcomings associated with these approaches. Include any related patents or 
publications that you have knowledge of. 

Response:Softer, lower strength material have been used to avoid cracking. The dimension or upset of 
the head is controlled to reduce cracking. 

The rivets are typically coated for improved corrosion resistance. 

Invention Description: Provide a detailed description of your invention, and illustrate it in a drawing, 
sketch, or a schematic (if susceptible to illustration). Correlate the illustration with the description by 
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using reference numerals and/or letters. Most importantly, clearly state the novelty of vour invention (to 
the best of your knowledge). The invention description is likely to require more than one page of 
information. 

Response: Testing had determined that the FSW nugget material has superior characteristics as a rivet material, 
such as increased toughness, increased fatigue life and increased corrosion resistance. 

A load vs. displacement compression curve of 2219 and 2195 -T6 FSW nugget materials illustrated that these 
materials had much greater formability than materials presently produced. 

Corrossion testing of a FSW specimen had determined that the nugget was less susceptible to corrossion than 
the base material. A cross section through a 2219-T6 tensile specimen that had been previously exposed to 90 
days of alternate immersion testing determined that the nugget area had the least amount of corrosion attack. 
The maximum depth of pitting and intergranular attack in the unaffected base metal was twice as deep as the 
nugget material. 




Overall view of 2219 tensile specimen after 90 days of alternate immersion testing. Circle indicates 
nugget area. 
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NUGGET 



BASE 



View of cross section through 2219-T6 FSW tensile specimen (after testing). Note the area annotated as 
the nugget area has less corrosion as the base metal. 




Detailed view of nugget metal corrosion 



Detailed view of base metal corrosion, 



Technical Maturity: What is the state of development? Provide evidence that your invention concept 
has been sufficiently developed that there is little technology risk associated with its implementation. 
Results from analysis, simulation/modeling, or prototype testing are preferred. 
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Response: Bucking ability on 2219 and 2195 FSW nugget materials determined that they had a desirable 
"upsetting" characteristics far beyond the traditional rivet materials. The tests showed that the rivets also had 
good hole filling characteristics and shear strength. 

Technical Value: Provide evidence that your invention represents a significant advance in a technology 
area important to the success of Boeing, whether or not currently used. Quantitative data, such as trade 
study results, supporting the claimed benefits of your invention are preferred. 

Response: Boeing is a major aerospace user of riveted products. The use of superior rivets will 
favorably affect the quality of our products. The formability and material properties is a significant 
improvement in the alloy without any weight gain. The ultra fine grained rivet material can be 
substituted for conventional rivet alloys without requiring a drawing changes. Present specifications 
permit this. 
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